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- • WILL  I AH  T’.  RUSCH  ' ' * : 

called  ad  a witness,  having  been  previously  sworn,  was 

t 

further  examined  and  continued  his  testimony  as  follows: 


J - T n* 


* iff*,  t 


Vi  v 


r/4  'A/ 


(Interrogatories  by  %'r . Welsh.) 
r,  Rusch , when  we  adjourned  yesterday,  vcu  were 
going  through  ycur  notebooks  end  looking  for 
entries  which  indicated  when  the  electronic  control 
concept  and  the  concept  cf  ping  pcng  and  the  concept 
cf  ball  bounce  occurred  to  you  and  you  get  as  far 
as  page  78,  I believe,  of  Exhibit  18;  I wonder  if 
you  would  continue  in  that  search? 

Before  I start  that  thoroughly,  I would  like  to 
add  in  here  for  the  record  that  the  ether  day  when 
vcu  were  asking  me  what  I contributed  ire  this 
project,  the  list  I gave  viere  the  main  ones  I could 
remember  at  that  time*  I might  have  missed  some. 

One  I think  I would  like  tc  specifically  call  cut 
is  this  bounce  of  a ball  from  a moving  spot  with 
a velocity  and  direction  governed  by  the  velocity 
and  direction  of  the  hitting  spot  at  the  time 

of  coincidence.  I consider  that  probably  as 

lOaJUl 

important  as  the  so-called  ball  bounce,  and  et  least 

t 

frem  a viewer’s  point  it  is  a somewhat  different 
action.  Now,  tc  continue  looking  for  these  ether 
items,  T am  cn  page  78  of  Exhibit  18.  I don’t  knew 


if  I discussed  this  page  at  our  last  meeting.  As 


mis  ?o 


it  states  cn  the  bottom  of  the 


it  is  a method 


Of  71V: 


ns  control  of  the  ball  to  one  of  severe! 


players  after  he  hits  the  ball.  | 

-ould  you  explain  in  some  little  more  detail  than 
is  apparent  from  this  page  how  that  is  accomplished? 

That  is  the  same  as  one  other  figure  which  was 
pretty  much  like  this  which  we  discussed  earlier 
on  some  other  page,  hut  I can  go  through  it  again. 

-*  T ^ u lo^k  a uhe  figure  you  will  see  two  uoper 
potentiometers  connected  to  the  two  outputs  of  the 
flipflop  through  pairs  of  diodes  pointing  to  the 
right « ihe  lower  potentiometers  are  connected  to 
diodes  pointing  to  the  left*  Thus  when  the  voltage 
on  the  left  side  of  the  flipflop  is  higher  than  that 
on  the  right,  the  upper  diodes  conduct  and  those 
two  associated  potentiometers  can  control  the  ball . 

When  the  flipflop  is  flipped  to  its  other  state, 
the  upper  diodes  are  back  biased  and  the  lower '•diodes 
conduct, thus  connecting  the  lower  two  potentiometers 
which  then  have  control*  As  you  can  see  down  cn 
the  left  here  of  the  flipflop  is  a statement,  ’’Flips 
when  either  player  hits  ball  (or  ball  - it  looks 
like  - or  other  player)."  It  appears  I wrote  that 


fast,  I do  think  the  first  part  is  clear,  flipflop 


0.  What  is  the  purpose  of  the  ganged  pots? 

1 just  now  trying  tc  figure  that  out.  referring 
tc  the  upper  two  potentiometers  above  the  flipflor* 
which  is  apparently  ganged  as  shown  by  the  green 
lxne  to  their  center  arms,  it  would  appear  when  the 
flipflop  is  in  such  a state  that  the  diodes  permit 
«-he  second  from  the  top  of  these  two  ganged 
potentiometers  to  have  control  of  the  ball,  that  the 
haul  would  then  be  forced  to  move  to  the  same 
horizontal  position  called  HI  as  that  of  the  spot 
shown  as  PI*  Also  at  that  time  the  vertical  position 
of  the  ball  would  apparently  be  forced  to  be  the 
same  as  the  vertical  position  of  active  spot  FI. 

I can’t  really  see  what  this  ganging  accomplishes, 
it  leeks  like  it  may  have  been  an  afterthought  being 
that  it  was  added  in  green,  although  I believe  I 
may  have  had  some  intent  in  mind  that  I don’t  recall 
right  now* 

Q*  Now,  the  note  at  the  top  says  ganged  pots  for 

soccer,  etc,,  hockey? 

A.  That  is  correct. 

C.  Dees  that  help  you  determine  what  the  ganging  might 


have  been  for? 


Net  really.  I did  see  that  title  there  while  I 
looking  at  this  page. 

Would  the  items  cn  the  next  page  have  any  relation 
tc  that? 

Yes,  that  helps  a little  bit.  The  notation  to  have 
the  ball  on  faster  time  constant  than  player  ar.d 
the  associated  explanation  underneath  the  little 
diagram- there  indicates  that  the  player  and  the 
ball  after  making  contact  vrould  eventually  end  up 
at  the  same  position,  but  if  different  time  constants 


wore  involved,  one  of  them  would  get  there  faster 


U7  | 


than  the  other.  This  apparently  is  an  attempt  as 

i v / ^ 

it  savs  there  to  get  this  kicking  cr  bouncing  action 


a spot 


t and  a hall.  For  instance,  if  the  time 


constant  of  the  ball  were  made  faster  than  that 
of  the  player  and  after  contact  the  ball  would  take 
off  towards  its  destination  rapidly,  the  kicking 
soot  would  eventually  get  to  that  same  destination, 

£»  W ^ l Vi  ^ 

A i 

W * ^ «# 

but  slower  and  as  indicated  here  if  the  other  plaver  , 

•7-; 

called  player  2 intercepts  the  ball;  in  other  words, 


. % V»  r. 


4 is 


if  he  makes  contact  with  it,  then  the  ball  gets 
"kicked"  in  the  direction  he  is  heading.  And  then 


underneath  these  words  thare  is  a diagram  apparently 


tU-.VVt  f 
*isytrtJ 

rj*r/?C 


rwll  .uHj  your  attention  to  the*  bottom,  left  corner 
of  par^e  8 0 and  recall mr  that  you  were  loobinr;  for  j 
any  -ndicat^on  c.i  concept  of  either  ninr  pon^  tvne 
of  game  or  wall  bounce,  the  question  is.  Dees  that 
entry  in  the  lower  left  portion  of  page  8D  have 
any  relation  to  any  of  these  items? 

I’d  say  ves.  In  green  is  written  the  word  "billiards" 
wxth  a question  nark  after  it  and  the  diagram  under 
it  seems  tc  shew  a billiard  game  which  I had  played 
before  when  I was  in  college.  It  is  a game  involving, 
if  I remember  correctly,  a red  ball,  a clear  white 
balx  and  a white  ball  wTith  a spot  on  it.  And  the 
two  white  balls  are  referred  to  as  cue  balls,  each 
one  controlled  by  a different  player.  This  diagram 

apparently  shows  the  cue  ball  with  the  Hack  snot 

^,'th 

on  ,it  being  hit  by  a player  bouncing  off  of  the 
other  cue  ball  and  one  of  the  sides  cf  the  billiard 
teble  to  another  side,  a third  side,  a fourth  side 
and  then  eventually  hitting  the  red  ball  which  is 
one  cf  the  ways  in  which  cne  scores  in  that  game. 

Sc  I think  it,  as  indicated,  shove  that  I was  thinking 


at  the  time  it  would  be  nice  if  we  could  simulate 
thi*5  game  electronically. 


rjzs/iC 


AOjld  the  lines  outlining  the  rectangle  indicate  t* e 
cushions  of  the  billiard  table? 

Yes . 

And  you  contemplated  the  tall  bouncing  off  of 
such  lines? 

Yes,  just  as  it  bounces  off  of  the  cushions  cn 
the  billiard  table* 

And  that  is  indicated  with  the  lines  within  the 
billiard  table  showing  the  path  of  the  ball? 

Tc  me,  at  any  rate,  yes. 

Now,  that  is  related  tc  what  you  have  termed  your 
wall  bounce  feature? 

Where  those  lines  hit  the  four  lines  cf  the 
rectangle,  I would  call  it  wall  bounce.  Where  the 
cue  ball  is  shown  - excuse  me,  where  the  cue  ball 

woyrLd  ye  black  spot  is  shown  hitting  the  other 

cue  ball  is  still  a bouncing  action,  but  again  it 

is  semantics,  but  that  could  be  rather  important. 


I suppose.  That  I wouldn’t  consider  v/all  bounce 
and  to  me  a cue  ball  sitting  there  is  not  quite 
the  same  as  a wall,  but  electronically  the  function* 


wouldn't  differ  too  much. 


In  answer  to  the  question  as  to  what  yoy  considered 


to  La  veur  contr ibut ions  to  the  TV  development, 

you  indicated  that  one  of  them  was  the  wall  bounce 
feature.  Could  ycu  describe  what  the  wall  bounce 
feature  us  cr  was  at  the  time  ycu  considered  it, 
the  contribution? 

You  mean  from  a viewers  operational  standpoint  as 
opposed  to  the  circuitry  involved? 


Yes , 


I'-  is  hard  to  tell  what  I believed  at  that  time  as 
opposed  to  what  I believe  at  this  time,  hut  I think 
mes n . when  a moving  spot  or  ball  approached  *”he 
surface  or  some  electronic  barrier  cn  a screen  which 
normally  would  be  a certain  voltage  level,  a certain 
time  in  the  sweep  voltage,  for  instance,  with  a 
certain  angle  of  incidence  as  we  used  to  sav  in  mv 
optics  and  physics  course,  that  after  touching  this 
other  surface  cr  object,  it  would  move  away  from 
that  surface  cr  object  with  an  angle  of  reflection 


Sfyf) 


ecu 


al  to  the  angle  of  incidence.  In  my  mind,  at 


least,  this  differs  from  the  other  contribution  which 

i 

I tried  to  get  in  the  record  earlier  this  morning 
where  if  two  spots  simulating,  for  instance,  a ball 
and  a player  approaching  it  made  coincidence,  that 


the  ball  spot  would  move  away  from  the  hitting  spot 

go^ng  an  the  same  direction  as  the  hitting  spct  was, 

' i±'*  l .'C 

hut  not  with  an  angle  of  reflection  equal  to  the  j;  ■« 
angle  of  incidence.  So  I consider  them  at  least  in 
my  mind  as  two  separate  features.  In  this  billiard 
game  shown  on  page  80  where  this  cue  ball  with  the 
black  spct  hits  the  white  cue  ball,  that  I think 
at  least  electronically  is  similar  to  the  wall  bounce 
thing  in  that  as  the  rather  crude  diagram • shows. 


it  looks  like  &r  at  least  I intended  it  to  look 


like  the  cue  ball  with  the  black  spot  would  bounce 
off  the  white  cue  ball  with  ah  angle  of  reflection 


57*17  e 


equal  to  its  angle  of  incidence,  the  white  cue  ball 
was  stationary. 

Could  you  describe  how  you  obtained  that  wall  'bounce 
electronically?  - •• 

At  the  moment  rather  vaguely,  not  having  really 
come  to  that  in  the  notebooks,  it  involved  changing 

^ {i 

the  sirne  or  polarity  of  the  deflection  voltage  of 

4 

the  moving  spot  - **  Excuse  me,  that  is  wrong.  Sy 
It  'involved  changing  the  direction  or  slope,  changinr 


the  sine  of  the  slone  of  the  voltage  controlling 
the  moving  spot  at  the  instant  when  it  made  coincidenc 


wxth  this  other  surface  spot,  wall,  what  have  you. 

Bv  keeping  the  same  slope,  but  changing  its  fife,  I , 

5 !?(• 

the  velocity  of  the  moving  spot  would  be  the  sane 
before  and  after  hitting  the  second  electronic  • 

surface  orwhat  have  you.  But  as  can  be  seen,  if 
this  description  were  applied  to  a ball  moving  up, 
it  would  naturally  reverse  direction  after  hitting 
the  second  surface  and  start  moving  down,  but  its 
velocity  or  the  magnitude  of  its  velocity,  its  speed, 

(as  we  say  in  the  trade),  would  remain  constant.  * zfc 


What  did  you  contemplate  would  constitute  the 
electronic  barrier  or  surface? 


MR.  WILLIAMS:  This  was  at  the 


time  of  recording  page  80? 

MR.  WELSH:  At  the  time  the 
concept  of  wall  bounce  came  to  you. 

THE  WITNESS:  I don’t  know 
exactly  which  day  that  concept  came  to  me,  I can 
refer  to  page  80  and  say,  for  instance,  I would 
envision  or  I believe  I did  envision  this  white 
cue  ball  and  indeed  all  three  of  the  billiard  balls 


as  being  electronically  generated  spots.  The  solid 
lines  of  the  rectangle  would  be  the  extremities  of 


o 
\ ' 


A. 


Q* 


Q* 

A. 

Q. 

A. 

Q« 


A. 


"the  CaT  facs  which  in  "that  case  would  simulate  "the 
billiard  table. 

*jCv:»  that  rectangle  there  shows  elongation  verticallv 
does  it  not,  did  you  possibly  contemplate  displaying 
an  image  cf  a rectangle  on  the  screen  within  the 
edges  of  the  screen? 

It  is  possible,  I don't  know  at  that  time  if  I 
made  that  distinction  in  my  mind. 

Calling  your  attention  to  page  55  of  Exhibit  18 
in  the  upper  portion,  are  there  electronic  barriers 
such  as  you  contemplated  with  wall  bounce  shown 
there? 

Yes,  I believe  we  did  discuss  them  previously* 

Those  were  the  grid  ones?  • - - 

Yes.  ' l h , \ 

And  they  are  images  displayed  on  the  screen  within 
the  edges  of  the  screen?  , 

Yes.  • * • " - " ' e 

Is  it  not  correct,  then,  that  you  contemplated 
wall  bounce  off  of  images  on  the  screen  as  well-  as 
off  the  edges  of  the  screen?-  - * 

It  is  possible,  although  this  diagram  on  page  80 


doesn't  really  show  which  of  the  two  ways  1 was 


But  the  diagram  or.  page  55  does  show  a bouncing 
off  of  images  on  the  screen? 

Yes. 

Could  you  go  on  with  your  search  for  entries 
indicating  when  you  conceived  these  various 
concepts? 

Well,  you  see  on  page  83  I was  apparently  still 
trying  to  develop  the  concept.  I knew  what  I 
wanted  the  spots  to  do,  but  apparently  I didn’t 
quite  know  how  to  have  them  do  it  at  that  time* 

For  instance,  I said,  "Whan  can  I get  ball  bounce 
action,  etc*,  so  apparently  I was  trying  to  figure 
out  a way  to  do  it*  I might  mention  page  88  in  case 
some  day  I see  someone  building  this  one,  that  was 
a ping  pong  game  similar  to  the  one  that  we  had 
discussed  before  with  a ball  and  two  Daddies,  but 
instead  of  the  paddles  just  being  able  to  move 
vertically,,  they  would  be  connected  to  joy  sticks 
so  that  they -could  indeed  simulate  a real  paddle 
better*  For  that -to  happen,  this  so-called  kicking 


♦ 


action  would  have, had  to  be  developed  as  it 
eventually  was,  but  it  could  be  used  for  that  game, too 


0*Stt 

• « 


- 


UJT> 


/ ^-4  / 


'• . -ru 

X> 

^ •;w  /-/ 


By  kicking  action,  do  you  mean  the  feature  that  the 
ball  will  rebound  at  a speed  proportional  to  the 


speed  of  the  image  which  hits  it? 


u.  f< 


I don’t  quite  like  the  word  ’’rebound,"  but,  yes,  the 

intent;  that  is,  as  I said  before,  when  the  hittinc’ 

Ci  J 

spot  touches  the  ball  sect,  the  ball  is  made  tc  move 

t 

an  the  same  direction  as  the  hitting  soot  was  going  • j 
<v  a,, 
and  with  a velocity  proportional  to  that  of  the 

hitting  spot.  In  the  case  in  which  the  ball  spot 

— - — — — - — - * 

was  indeed  moving  prior  to  being  hit,  I v?ould  replace 
your  word  "rebound"  with  the  word  "bounce,"  perhaps. 

In  the  case  - or  let  me  state  it  this  way  - another 
case  would  be  covered  by, this  same  so-called  kicking 
action  if  the  ball  spot  was  net  moving,  but  standing 
still  and  was  hit  by  & moving  kicking  spot  or 
hitting  spot,  then  the  ball  spot  would  still  move 

* -*  • » *■  ’ v - • d 

in  the  direction  it  was  kicked,  etc.  I guess  I 
didn’t  mention  differentiators  before,  I will  now. 

On  page  89  are  shewn  two  squares  with  d/dt  in  then 
which  I used  tc  signify  differentiators,  Obvicuslv 
this  was  a method  of  getting  voltages  proportional 
to  the  horizontal  velocity  cf  a moving  spot  and 


another  voltage  proportional  to  its  vertical  velocity. 


f 


\ 


referring  or  vh£t  d5d  ‘tlic.t  nt^&n?  1 

I think  it  meant  that  I was  happy  that  I had  finally  1 
conceived  cf  a method  which  conceptually  looked  I 

like  it  would  give  this  result  which  I also  j 

apparently  desired  rather  strongly  at  the  time* 

Shall  I go  on? 

Yes,  please*  I 

At  the  tcp  cf  page  91  and  the  application  1,  pool,  j 

I see  I used  the  word  "nudge"  which  may  have  been  j 

cne  reason  for  my  rather  exuberant  use  of  the  big  j 

red  breakthrough  letters  on  page  90.  One  of  these 

exhibits  I think  showed  way  back  in  March  or  May,  I 

sometime  v?ay  back  in  1967  , in  the  memo  to  Ralph  Eaer,  I 
I referred  to  trying  to  nudge  golf  balls  and  hockey  1 
pucks  and  things  like  that  and  this  pare  91  is  dated 
_21 , sc  it  was  for  several  months  that  i ws.nwed 
4-c  gc  phis  thing  and  it  looked  like  it  was  possible 
^ n*  c *t ' hi 0 * No#  2 f ping  pengf  would  bs  3.  fc5.b 
mere  sophisticated  version  than  seme  cf  these  that 

,,0  v-ve  described  and  most  cf  us  have  seen  around 

\ 

+y,*  c nation  by  now  in  that  the  ball’s  direction  and 
speed  would  be  set  by  ycur  direction  as  written 
there,  meaning  the  paddle's  direction  or  playing,  spot 


when  vcu  hit  it.  Mo.  3,  soccer,  would  be  another 
application  of  this  stroking  action  or  kicking 
action.  The  lower  'item,  No.  4,  which  I labeled 
ping  pong  (tennis) (badminton)  over  net  would  be 
another  application.  I am  sure  you  will  ask  me  or 
I think  you.  will  ask  me  if'  the  net  was  an  overlay 
or  on  the  screen.  It  probably  could  have  been 
either.  I think  in  this  case  I cover  the  possibility 
of  it  being  an  electronically  generated  net  in  that 
the  comment  at  the  bottom  says  that  the  ball  disappea 
or  color  changes  if  hit  net  or  ground  and  that  would 
require  an  electronic  net  tc  detect  coincidence  of 
the  ball  and  the  net. 

Is  not  the  curved  motion  of  the  ball  indicated  on 
that  bottom  figure  of  page  91  of  Exhibit  18  a 
different  motion  than  the  ball  motion  noted 

* 1 ^ r ^ 9 ^ ^ ^ 

previously? 

Partially. 

In  other  v;ords,  previously  did  not  the  ball  move  in 
a straight  path  unless  the  player  manipulated  the 
English  control? 

That  is  correct. 

Evcuee  me,  I think  I interrupted  you, 


I think  what  I was  trying  to  say  was  that  the 
motion  is  partially  the  same  in  that  the  initial 
direction  and  velocity  of  the  ball  would  be 
governed  by  the  velocity  of  the  paddle  and  the 
intermediate  and  final  direction  of  the  ball  would 
be  governed,  then,  by  something  else,  in  this, case, 
as  shown  by  the  comment  in  the  lower  right  of  that 


page,  apparently  I was  talking  about  a storage 
capacitor  discharging  which  would  let  the  ball  fall 
as  that  voltage  decayed. 

That  was  a simulation  of  gravity  action,  was  it 

not?  . e 

Yes*  • , it  sj  f wo  aid  repre  »« r t, 


v -HR*  WELSHIE  Let’s  take  a 


break  at  this  time. 


' 1 i.  h , v S ' 


<z  r*  «.  St 


1 * w 4 


(W hereupon,  a recess 

c ;r  w - -i.^e  7 1 ■ : ~ f 

was  taken  ♦) 

; 1 r*  i c 


Did  you  finish  your  comments*  Mr*  Rusch,  with 


respect  to  page  91?  .t 


Yes* 

Would  you  go  on? 


On  pages 


92  and  93  are  more- possible  applications 


based  on  that  kicking  or  stroking  principle. 

In  the  upper  left  corner  of  page  94  appears  tc  be 
a diagram  and  the  notation  "space  ship  going  through 
space,"  what  did  you  contemplate  with  respect  to 
that?  • . -> 

MR,  WILLIAMS:  Excuse  me, 
would  you  repeat  the  question,  please? 


(Whereupon,  the  nrevious 
question  was  read  back 

- 

by  the  reporter.) 


THE  WITNESS:  Well,  as  shown 


there,  apparently  one  spot  would  represent, as 


th 


y 

stated^  a space  ship  going  through  space  and  there 
appear  to  be  other  spots  which  would  probably 
simulate  stars,  planets,  etc.  I see  a note  connected 


to  one  of  them  with  a curved  line  statp^Sa*  "get 

r J 


bigger  and  disappear 


I guess  I envisioned  these 


> _ 


, t 


other  spots  suddenly  appearing  on  the  screen,  small 
ones  simulating  distant  stars  and  getting  bigger 
as  they  were  approached. 


What  did  you  contemplate  that  the  individual  or 
individuals  would  do  in  connection  with  that  display? 


A, 


Q. 

A. 

Q. 

A. 

Q. 

A. 


o 

V • 


V • 


A. 


Q. 


I don't:  remember.  1 don’t  see  any  notation  there. 

It  is  possible  they  would  have  blown  the  space  ship 
up,  something  like  that. 

Are  you  familiar  with  a game  played  on  a cathode  ray 
tube  display  called  "Space  War" ? 

No . , 


Have  you  ever  heard  the  term  "Space  War"'5 
Once . 

When  was  that? 


idr 


I can’t  recall  the  exact  date,  I believe  it  was » 

* - 

several  months  aye.  I was  in  this  building  in 

Jr’ 

South  Nashua  and  Nr.  Ted  Anderson  asked  me  the  same 
question  as  you  did. 

-I 

Had  you  heard  cf  the  term  prior  to  that? 

Net  to  the  best  cf  my  recollection,  nc. 

Was  that  before  cr  after  veu  received  the  subpoena 


A « 


to  appear  as  a witness? 

X an  quite  sure  it  was^or  I think  I am  quite  sure, 
to  be  careful,  that  it  was  quite  a while  after 
receiving:  the  subpoena.  It  was  the  day  I first 
net  Nr.  Williams  and  Ted  Anderson. 

How  long-  did  that  meeting  take  place? 

I think  we  discussed  this  previously;  I believe  I 


f 


staged  it:  was  from  a half  hour  "to  an  hour  or 


Q. 


A. 


thereabouts*  I don't  recall  exactly, 

Would  you  now  go  on  reviewing  your  notes  for 
entries  involving  the  ping  pong  ball  bounce  and 
the  electronic  ball  control  concept? 

Well,  many  of  the  things  we  are  discussing  now  are 
related  to  electronic  control.  One  at  the  top  of 
page  9 shows  a simulation  of  what  X called  penny 
arcada  hockey  games.  That  one  shows  a ball, or  more 
specif ically^ a spot  representing  a puck  which  flty 

can  travel  in  a confined  area  between  the  two  ^ 


4 


>-/ 


player  spots  and  certainly  the  intent  washes  with 
most  of  these  things  that  I am  discussing  right 
now,  that  the  ball  would  not  be  controlled  manually 
once  it  was  put  in  flight  by  hitting  either  of  the 
spots,  but  rather  electronically.  Page  97  is 
obviously  related  to  this  kicking  action.  Page  98 
hows  a'  thing  which  I call  "true  pool  ball  bounce" 


C3i 


which  appears  to  be  an  attempt  to  mathematically 
conceive  of  some  way  to  get  some  cf  the  bouncing 
action  of  one  spot  off  another  as  shown  on  page  8D 
of  this  same  exhibit.  I take  that  back.  There  is 
a difference  there.  On  page  80,  the  six-section 


broken  Una  ending  in  an  arrowhead  shows  the 
cue  ball  with  the  black  spot  bouncing  off  the 
~al_  ,>j.thcut  a spot,  but  in  that  figure  on  page  80, 
there  as  no  indication  as  to  what  happens  to  the 
cue  ball  without  the  spot  when  it  is  hit.  This 
S- am  on  page  98  would  govern  what  would  happen 
-aa-t  cue  ba.ll  without  the  spot  as  I made  the 
distinction  on  these  t wo  pages,  80  and  98,  the 
difference  being  the  difference  between  billiards 
and  poll  and  that  in  my  mind  in  pool  at  least  one 
is  more  concerned  with  the  action  of  the  hit  ball 
a L J-e-st  directly  whether  it  goes  into  a pocket 
or  not;  and  X do  realize,  the  position  of  the 
cue  ball  is  important  to  fine  billiard  players  as 
to  fine  pool  players.  Anyhow,  as  shown  I was 
a «. ‘_emp Ling  <.o  make  the  hit  ball  move  along  a line 
drawn  through  the  center  of  the  two  balls  at  the 
instant  of  contact  and  I had  written  in  there  "regardl 
of  path  of  ball]"  I would,  say  this  is  a different 
action  than  what  I had  previously  .referred  to  as 
the  kicking  action.  In  view  of  your  question,  I 
probably  shouldn’t  have  even  discussed  it.  Page  100 


Q C 


appears  tc  be  another  diagram  involved  with  this 


kicking  or  stroking  action,  I believe.  I do  see 
at  the  ton  of  that  page  the  word  "bounce."  I believe 
that  diagram  is  more  or  less  a reiteration  of 
t ’.at  shown  on  page  97  which  was  labeled  "bounce" 
or "kick  action." 

Before  going  onto  Exhibit  19,  was  the  time  when 
Mr.  Andersen  mentioned  Space  War  the  only  time  that 
you  have  heard  the  term? 

No.  Nay  I talk  to  Mr.  Williams? 

Well,  I would  like  to  have  you  answer  the  question. 
All  right;  I have  not  been  through  this  before. 

Hr.  Williams,  as  well  as  Mr.  Anderson  and  yourself, 
also  asked  me  the  same  question,  Have  I ever  heard 
of  Space  War  or  had  I ever  heard  of  it?  This 
happened,  I believe,  last  Thursday  of  last  week, 
whichever  was  the  first  day  I started  giving  this 
deposition;  it  was  during  the  morning  of  that  day 
which  I believe  was  Thursday. 

Do  I understand  correctly  that  prior  to  the  time 
Mr.  Anderson  asked  you  about  Space  War,  you  had  not 
heard  the  term? 

To  the  best  of  my  recollection,  and  I am  attempting 
to  give  honest  answers,  that  ie  true.  .A 


Q. 


A. 


Q. 

A * 


Q* 


A. 


Q. 

A. 


0 


A 


9. 

A. 

Q. 

A. 


I don’t  question  that  at  all.  Do  you  recall  anv 
other  time  than  those  two  times  prior  to  today  when 
you  have  heard  the  term  "Space  War"?  * 

I think  I may  lave  asked  Mr.  Harrison  the  same 
question  that  everyone  is  asking  me  after  my  initial 
conversation  with  Ted  Anderson. 

By  the  same  question,  do  you  mean  - - - 
I asked  him,  I said.  Bill,  have  you  ever  h-eard  of 
this  thing  called  "Space  War"? 

What  did  he  reply? 


I believe  he  replied  that  he  had  not  heard  about 
it  or  at  any  rate  I don’t  remember  his  knowing  enough 
about  it  to  tell  me  what  it  was  about. 

Do  you  now  know  what  Space  War  is  about? 

I think  I have  a vague  conception. 

What  is  that? 

I think  it  is  some  kind  of  game  played  with  a 
computer  somehow  and  involving  a disnlav. 

Jl 

Anything  else? 

Other  than  my  assumptions  of  what  it  might  be, 

n0.  -S,  if  r *■  * ‘ 

What  are  those? 

I have  a feeling  in  view  of  your  interest  in  one  of 


November  sometime* 


my  diagrams  of  whenever  it  was, 

showing  a vehicle  moving  through  space,  that  at: 
might  be  something  similar  to  that,  at  least  as 
viewed  by  a player  or  the  audience. 

Prior  to  this  morning,  did  you  have  any  idea  cf  what 
Space  War  was  about? 

Not  really  other  than  what  I have  said  or  what  I 

said  prior  to  your  previous  question*  The  name 

/ _ - * 

itself  naturally  brings  some  connotations  mind  v 

O'"  U 

whare  you  would  possibly  think  of  something  like  3/ * 
a space  ship  and  star|  as  this  diagram  I had  drawn 
long  ago  before  I had  ever  heard  of  a thing  called 
Space  War*  f . r - 

Have  you  discussed  Space  War  with  anyone  else  on;  ? 
any  other  occasion  than  the  three  that  you 
mentioned  ? v \ --  ? h • i rh  : -■  ue  1 ■ ; * . ~ ’ . • 

I*  don’t  - recall  doing  so,,  no*  * •- .«  of  t> 

Did  you  ever  discuss  it  with  Mr.  Baer?'.;  • 

X ■*  don  ’ think  so f , ; - r.  » •_ 4 

Could  you  now  refer  to  Exhibit  19  and  proceed  to 
tell  us  what  entries  relate  to  these  concepts  and 
indicate  when  the  concepts  occurred?  t,  : ; ~ ; . f 

These  concepts  still  being  ping  pong? 


P'ng  pens,  electronic  control,  wall  bounce.  J 

I would  say  definitely  on  oage  2 of  Exhibit  19  is  • 

shown  what  at  that  time  I had  called  "angled  bounces  1 
from  sides"  which  shows  two  angles  labeled  "Theta"  ; 
showing  the  equal  angles  of  incidence  and  reflection  1 
to  which  I have  previously  referred.  In  blue  on  j 

that  page  I wrote  a note  which  says,  ” Don't  need  I 
real  'cushion*  can  just  work  with  voltages."  This  J,  t 
meant  that  what  I referred  to  as  a cushion^pr spot  Jjafy^e 
or,  for  example,  at  the  top  of  the  screen  would  be  £/ 

a long  horizontal  bar,  perhaps  some  cf  these  grid  1 -W 

J . . 

lines  that  we  talked  about,  that  while  that  could  I „ 

be  done,  I apparently  was  looking  for  a simpler  way  j ' '*■ 
to  implement  this  at  the  time  and* as  it  says  there,  \ 

I apparently  felt  as  I do  now,  that' you  can  just  \ 

work  with  the  voltages  which  visually  would  mean  I 

the  spot ‘ bouncing  just  from  the  edge  of  the  TV  screen! 
whether  or  net,  for  instance,  a white  line  was 
displayed  along  this  edge*-*  of  tve  ts  . ♦ - I 

And  when  you  just  spoke  of  grid,. lines  were  you  j 


referring  to  actual  images  0$  the  screen? 


A 


Yes,  that  is  what  this  note  in  blue  implies  to  me, 
that  this  bounce  could  have  been  from  images,  but 


at  the  trir.e  this  was  written,  I felt  it  might  be 
' Aeri  implement  it  quicVlv  without  doing  it 
f.  om  such  images.  The  bottom  of  that  rage  2 sho'-'S 
rathe-  succinctly  what  I tried  to  describe  in  many 
words  before,  the  letters  Vb  indicate,  for  instance, 

the  vertical  voltage  cf  the  ball.  The  rising  lire 

• 

-v  .*c^.ed,  bo.  11  going  up,  and  there  is  a dot  noted, 
hits  cushion  and  switches  polarity  of  EG^which”  is 

4 y i / 

shown  above  as  the  voltage  going  into  what  is  labeled  jr^  J 
as  the  ball  vertical  integrator.  After  hitting  the 
cushion,  the  descending  horizontal  line  was  meant  ' ^ 

MtiP' 

to  have  the  same  magnitude  of  slone  as  the  ascending  **/££ y 
line.  And  the  note  says  the  ball  goes  down  as  ^ & 

fast  as  it  was  going  up.  At  the  top  of  page  3 is 
shown  a case  where  multiple  reflexions  would  occur 
from  the  sides  or  cushions  Of  a simulated  pool 
table,  billiard  table. 

Would  that  contemplate  the  image  of  the  table  or 
did  you  contemplate  an  image  of  the  table  there? 

Possibly,  but  with  the  same  intent  as  the  blue-*^ 
writing  on  page  2,  thinking  that  it  could  be  done 
that  way,  but  it  might  be  simpler  to  get  it  -done 


fast  without  such  images 


i * *;  *t 


Mi 


Actually  there  are  two  lines  there  along  each  side 

6 rec^angl®*  each  pair  of  lines  having  an 
ar.oi,  pointing  to  the  word  "cushion"  and  then  left, 
right  bottom  and  too? 

That  is  correct. 

S°  did  contemplate,  then,  an  actual  image, 

did  it  net? 

I wouldn’t  say  that,  it  could  have.  I think  it  is 
quite  possible  that  this  drawing  was  more  a drawing 
of  a real  billiard  table,  a real  physically  existing 
one,  Certai  nly,  in  the  back  of  my  mind  would  be  P'* 
the  TV  representation  of  it.  Page  3 does  show,  — 

u 

it:  is  called  a bouncing  race,  which  would  be  a 
spot  or  object  bouncing  off  what  is  labeled 
"obstacles." 

At  that  time,  which  was  apparently  11-30-67,  the 
date  on  page  3 of  Exhibit  19;  did  you  have  in  mind 
any  specific  means  for  generating  the  obstacle 

images?  >"  • ' " 

I believe  so,  or  at  least  I knew  it  could  be  done 

if  desired.  '4  •• 

I call  your  attention  to  page  1 of  Exhibit  19  and 

that  not  confirm  what  you  jU9t  saidy  .that 


ask,  Does 


you  knew  it  could  be  done? 


X think  even  way  back  earlier  than  that, 


one  ox  >.hese  first  notebooks  that  I ever  made 


j in,  inoeed  the  square  spots  themselves  had 
generated  earlier  and  could  easily  be  elongated 
jl  siades  and  in  anyJLectangular  size  or  shape. 


Pages  4 and  5 show  more  work  in  an  attempt  to 


develop  this  bouncing  action  from  the  sides, 
specifically  on  page  5,  this  blue  note  of  page  2 


ri 


as  more  or  less  corroborated  by  a red. or  a phrase 


written. in  red^ saying  conditions:  may  be  used  just 


voltages  and  not  actual  coincidence  cushions  on 


7t 


iV«  Meaning  that  it  could  be  done  from  just  voltages 


representing  the  sides-of  the  screen  or  actual 


images  on  the  screen  which  would  indicate  coincidence 


The  succeeding  pages  up  through  page  9 still 


concentrate  on  this  subject. 


And  that  covers  a period  from  November  30- until 


at  least  December  8 or -page  8,  is  that  correct? 


Yes. 


MR.  WILLIAMS:  Off  the 


record  * 


(Discussion  off -the  record.) 


rlease? 


Could  you  go  on, 

C-ge  in  dated  11-30  seems  to  show  electronic  control 
Cf  £ spct*  Specifically  t^e  pa^e  is  labeled 

waY  •^or'  ball  bounce  from  movin'7  paddle*” 
Again  ^ see  some  stars  which  means  apparently  I 
lik^d  that  ^uea  and  there  is  a comment  written  in 
green,  ’*  got  it  working*  12-1-67.*' 

how,  page  8 contains  the  date  12-8-67  and  Paee  7 has 
the  date  12-5-67,  but  page  10  has  the  date  11-30 
and  page  11  has  the  date  12— 1;  do  you  knew  any 
reason  for  these  dates  being  out  of  order? 

Notreally,  Sometimes  it  has  been  my  habit,  although 
apparently  not  often,  if  I think  I am  going  to  be 
writing  about  a subj ect  which  may  take  at  least  and 
probably  many  pages  of  a notebook  and  there  may  be 
only  a half  page  cr  one  page  vacant,  I might  have" 
skipped  - I can't  really  figure  out  why  this  was 
done  in  this  particular  notebook  in  that  the  entries 
on  page  8 and  9 seem  to  have  been  done  on  -two  full 
pages  at  a later  date  than  the  entries  cn  pages  10 
and  11.  It  is  also  possible  that  a portion  of  the 
calculations  on  pages  8 and  9 may  have  been  done  at 


an  earlier  date,  but  not  completed  at  that  time  and 


on  1^-3  I may  have  gone  hack  and  figured  it 
vorv  completing,  although  now  I can't  really 

I think  most  of  the  time  1 did  as  these 

seem  to  indip-ato  +.  • 

indicate,  tried  to  keep  things  in 

chronological  order. 

Would  you  go  on,  please? 

10  end  11  do  seem  to  show  a method  that  was 
probably  implemented  cn  or  before  12-1-67  for  * 
permitting  a moving  paddle  tc  hit  a ball  and  at  least 
one  feature  of  this  work  as  shown  on  the  lover  figure 
of  page  11  and  as  stated  in  the  text  they  were 
t0  the  ball  a fast  start  after  being  hit -and 

then  have  it  slowing  down  to  a final  rest  position 
exponentially.  The  small  figure  at  the  top  of 
page  10,  the  upper  right-hand  corner,  seems  to 
indicate  this  may  have  been  used  for  the  ping  pong 
game,  although  I do  see  a comment  somewhere  near 
the  bottom  of  page  10,  "C  and  A1  now  are  the 
differentiators.”  I believe  this  refers  to  the 
differentiators  previously  discussed  in  connection 
with  the  kicking  or  stroking  action*  Sc*  in  that 
event,  this  would  be  used  more  to  make  a ball  mov^ 
in  the  direction  that  the  moving  spot  was  going 


Q. 

A . 

Q. 

A. 


Q. 


when  it  was  hit. 

Will  vou  go  cn,  please? 

Pages  12  and  13  seem  to  be  more  of  an  attempt  to 
ob^a^n  what  had  previously  been  called  "pool  ball 
bounce."  Do  you  want  me  to  find  out  where? 
bo,  that  won't  be  necessary. 

To  deviate  slightly,  looking  at  nage  14  and  15  with 
a date  at  the  top  of  page  14  of  12-8,  it  indicates 
that  perhaps  I had  done  those  pages  8 and  9 at  .that 
same  time,  apparently  I had  left  them  blank  for 
some  reason.  Maybe  through  an  oversight  and  on 
12-8  needed  some  more  pages  and  happened  to  go 
back  and  use  them  for  some  work.  Pages  14  and  IS 


are  more  work  involving  the  angle  of  \7all  bounce. 
Pages  16  and  17  are  involved  with  the  wall  bouncy 
as  are  pages  18  and  19.  Page  22  is  entitled 
"bounce  from  paddle  and  wall." 

Referring  to  page  14  and  the  following  pages, 
page  14  states,  "problem  with  wall  bounce  if  hit 

Un  toward  top  wall  and  get  bounce Then  due 

*■ 

‘to  5 1 o ’■>  6 reversal  of  ball  control  * must  bit  down 
to  meVe  ball  go  up.  This  is  H.  G.i  for  ping  pong, 

, j-  If  " - ' ’ ' r ‘ * Jt 

hockey,  etc. 


Can  you  t* 1 1 .« 

~n  ^‘e  Allowing  pares  up  to  page  2 3 
Wl"ther  th**  P-oblen  waE  solved? 

'Et  is  possible  that-  ,*+• 

1X  was  shown  by  the  comment 

P se  16  saymg,  "When  ball  stops,  set  up  polarity 

S°ing  to  integrator  as  had  initially  - so  if  hit 

UP»  it  will  go  up  (not  dowrJ*" 

pages  following  24  up  through  63  which 
ieve  you  indicated  was  the  end  of  your  notebook 
entries  for  work  on  the  TV  games,  do  you  find  any 
other  references  to  wall  bounce? 

T.i-s  is  from  page  24  through  63? 


Yes, 

‘ r r-  ^ * * .a  4»r-  f *•  * ^ ^ » r. 

It  is  not  referred  to  specifically  on  page  30;  there 
is  an  outlined  item  which  we' had  covered  previously, 
TV  five-man  team  hockey  - sell- to  bars  and  clubs, 
and  the  intent  of- that  was  certainly  to  have  wall 
bounce  to  simulate  the  boards  of  a hockey  rink. 


I see  on  page  33  the  diagram  showing  several  spots 
and  arrows  and  a comment  "couple  in  with  hockey 
bounce."  A diagram- en  page  34  showing  pinball  with 
score  column  indicates  various  bouncing  actions  of 
the  ball.  I may  note  that  I ?m  not  reading  every 
word  cn  every  one  of  these  pages  at  this  time,  but 


mors  or  i c „ 

less  scanninp  nnd  innir*  - , 

a 10okinp:  for  words  or 


diagrams  which  seem 
not  come  across  any 


'tc  spning  out  to  me.  I have 

mcr**  references  to  the  wall 


bounce  up  to  page  63 
ind icated. 


scanning  it  as  I have  just 


Wan  ^°unce  feature  implemented  at  the  time 
..  ou  were  working  on  it  apparently  most  heavilv 
from  November -30,  Which  is  the  date  of  Pa^  3 cf 

Exhibit  19,  until  December  11,  1967,  the  date  of 
page  22? 


MR.  WILLIAMS:  Well,  I obiect 
to  the  question.  The  witness  hasn*t  testified  using 
terms  that  he  worked  on  that  feature  apparently 
most  heavily  during  that  period. 

MR.  WELSH':  Well, those 


are  the  dates  of  the  pages  with  which  he  has 
entries  with  respect  to  that  feature. 

MR.  WILLIAMS:  That  may  be, 
but  I don’t  think  that  is  an  accurate  character! zat 
cf  the  witness’s  testimony. 

THE  WITNESS:  If  I exclude  the 

words  "most  heavily  worked  On,”  shall  I answer  the 


question? 


WI LLIAMS : 


You  may  answer 


MR# 


the  question,  yeS. 

THE  WITNESS:  This  was  from 

pages  what  to  what? 

Pages  2 through  22 

I can’t  really  teU  from  this  exhibit>  Jt  have 

been*  1 586  SOTe  notes  indicating  it  might  have 
been  implemented  or  at  least  Part  of  it 

For  instance,  on  page  19  there  is  a figure  circled 

m red  with  a comment,  "does  this,"  with  an  arrow 

dw  ..  cO  an  exponential  wave  form  which  would  give 

the  slowing  action  to  a moving  ball  that  had  been 

hit. 


Tha c relates  to  the  other  feature,  doesn’t  it, 

i 

of  the  ball  moving  in  the  direction  of  the  hitting 
spot? 

Yes.  The  title  of  those  two  pages,  pages  18  and 
19,  is  wall  bounce  and  apparently  an  attempt  was 
being  made  to  incorporate  both  these  features  at 
the  same  time.  I see  at  the  bottom  of  page  18  a 
comment,  ’’now,  when  ball  hits  left  or  right  wall 
after  being  hit  by  paddle  - flip  horizontal  flipflop 


to  minus  one  position  so  ball  bounces  off  wall 


3ame  for  vertical  flipflop  if  hit  top  or  bottom 

1 Can't  really  say  for  sure  from  that  whether 
this  was  a conceptual  idea  that  made  me  say  that 
that  would  work  or  whether  indeed  this  was  being 
implemented  at  the  time  so  that  I could  see  from 
' cuitry  whether  these  things  happened, 
it  had  been  -implemented , who  would  have  done 
the  implementation? 

-o_t  probably  Bill  Harrison  or  quite  probably 
Bill  Harrison. 

x'd  like  to  ask  you  to  look  at  his  notes  which 
appear  to  cover  that  same  period  of  time  and  see  if 
you  can  f ind  in  there  any  indication  of  implementation! 
of  the  wall  bounce  feature.  I haven't  looked  through 
this  whole  exhibit,  but  I started  more  or  less  around 
the  time  of  11-30. 

Page  2 of  Exhibit  19? 

Yes,  at  which  time  it  seemed  that  this  concept  was 
coming  in  mind*  I dcn-*t  know  if  we  had  any  earlier 
references  to  .it* 


I believe  they  were  just  general  like  that  one 
picture  of  the  billiards  game. 

X 

I specifically  wonder  when  I first  showed  the 


r *+* 


differentiators,  That  is  reallv  net  significant  in 
the  wall  bounce  in  that  we  are  net  trving  tc  change 
speed , 

In  fact,  I believe  there  was  a note  that  said  you 
wanted  to  keep  the  same,  velocity? 

Right*  I was  on  this  track'  because  I do  sea  a 
dif f erentiator  and  integrator  in  Exhibit  23-132, 
but  they  would  be  mors  involved  in  the  nudging  or 
stroking  or  kicking  action  feature  as  would 
Exhibit  23-137,  I am  hesitating  because  I am  trying 
to  figure  out  whether  or  not  an  integrator  was 
necessary  in  this  wall  bounce  action  and  I believe 
it  was  in 'that  for  a hit  spot  or  any  spot  for  that 
matter  to  continue  along  a straight  line,  its 

$1 

horizontal  and/or  vertical  deflection  voltages  would 
have  to  be  either  increasing  or  decreasing  at  a 
constant  rate.  One  of  the  ways  which  comes  to 
mind  now  and  apparently  did  back  in  December  of 
19f.7  c-r  thereabouts  would  be  to  feed  a constant 
voltage  to  the  input  of  an  integrator,,  When  this 
is  done,  the  integrator  output  will  be  a constant 
slope  increasing  or  decreasing  voltage  as  shown 
on  page  18  of  Exhibit  19,  These  integrators  labeled 


there  as  ball  horizontal  integrator  and  ball  vertical 
integrator  do  appear  necessary.  Also  as  shown 
on, that  page  18,  the  constant  input  voltage  tc 
one  of  these  integrators*  for  example,  would  be 
either  a plus  value  or  a minus  value  and  changing 
from  one  to  the  other  when  and  if  the  ball  hit  the 
side  of  the  walls  as  labeled  with  those  words  in 
the  center  of  page  18,  As  implemented  or  as 
conceived  about  that  time,  at  least,  I would  think 
that  the  differentiators  shown  to  the  left  of  page  18 
in  Exhibit  19  would  also  be  associated  with  the 
wall  bounce  in  that  for  most  of  these  games,  something 
had  to  get  the  spot  moving  and  at  least^as  shown  uf2. 


on  page  18,  it  was  when  a hitting  spot  hit  the 
ball.  This  then  did  set  the  velocity  of  the  ball 
after  being  hit.  To  be  more  specific,  if  desired, 
the  output  of  the  differentiator  circuit  is  a 
voltage  whose  magnitude  depends  on  the  speed  of 
the  hitting  spot.  Again  on  page  18  as  shown,  this 
voltage  becomes  the  input,  for  example,  to  the 
horizontal  integrator  of  the  ball  with  a polarity 


S-j:s 


0f  either  plus  or  minus  as  shown  by  the  two 
triangular  boxes  marked  thusly.  I went  to  all  that 


trouble  because  in  looking  through  Bill  Harrison's 
material,  this  Exhibit  No.  23  which  was  handed  to 
me,  I do  see  references  made  to  differentiators, 
integrators,  gates  and  flipflops,  specifically  in 
Exhibit  23-137  dated  11-28-67.  There  does  seem  to'W. 


' 

be  a.  more  or  less  exact  representation  of  page  IB 

it  r 


in  Exhibit  No,  19,  perhaps  exact  is  not  the  right 
word*  On ^ page  18  of  Exhibit  19  there  is  a block 
diagram  showing  the  wall  bounce  feature  as  ;iust 
discussed.  This  block  diagram  involves  differentiate 
plus  or  minus  gain  amplifiers,  flipflops*  We  changed 
the  ball's  direction  when  the  sides  or  walls  are 
hit  and  .horizontal  and  vertical  integrators  maintain 


the  ball  speed  or  velocity  constant  at  its  initial 
value  when  hit  - or  rather  its  initial  value  it 
assumed  when  it  was  hit*  I do  see  a penciled  cross 
through  the  circuitry  on  Mr.  Harrison's  Exhibit  23-13 
which  may  indicate  that  the  circuitry  didn't  work 
perfectly,  hut  X at  least  would  assume  it  was  being 
tried  at  that  time.  The  date- on  that  page  is 


11-28-67.  . r-  ..t  ,.T  t 

Which  is  the  date  prior  to  the  12-11-67  date  of 
page  18  of  Exhibit  19,  is  that  correct? 


A. 


Correct 


Is  it  possible  that  since  that  date  is  prior,  that 
that  wall  bounce  feature  was  thought  of  by 


Mr*  Harrison? 


nVifplu  fylfU 


I do  not  believe  sc.  I consider  that  definitely  * - 

uJiL-  bUUC 

my  idea^with  the  differentiators  and  integrators^  sj*S’!?£ 

nc  matter  what  these  pages  show.  j 

Of  course,  it  is  possible  that, as  you  have  indicated  I 

earlier,  there  are  other  entries  to  indicate  wall  j 

bounce  pricr  tc  the  11-28-67  date  of  Exhibit  23-137?  j 

Yes*  It  is' possible  that  I had  put  my  concepts  cf  j 

this  on  scraps  of  paper  and  perhaps  I waited  until 

it  looked  like  it  was  f»eally  going  to  pay  off  before 

entering  it  in  the  notebook,  but  I do  definitely 

feel  that  that  was  my  contribution,  at  least  ’ 1 

conceptually,  but  definitely  Mr.  Harrison  helped  j 

implement  the  theory. 

Now,  Exhibit  23-137  has  the  title  at  the  top  circuitry 
to  cause  movement  realistically  when  paddle  hits 
ball.  Is  it  possible  that  that  circuitry  was  • j 

intended  to  functicr.onlv  for  that  purpose  without 
an  additional  flipflop  and  other  circuitry  to  j 

respond  in  the  event  that  the  ball  hit  side  walls  I 


^3  you  referred  to  Exhibit  19*13?  » 

*A“  i don't  think  so.  These  items  or*  rather  transistor*? 

labeled  gate  in  Exhibit  23-137  are  driven  from  a 
flipflop  and  I believe  the  intent  was  that  one  or 
the  other  gate  would  conduct  depending  cn  the  state 
of  that  flipflop  and  I do  feel  that  the  function 
Of  the  gates  shown  there  was  meant  to  carry  out 
functions  shown  as  plus  one  and  minus  one  in  the 
triangles  on  page  18  cf  Exhibit  19.  I can't  really 
see  Why  they  would  be  in  there  unless  it  was  to 
provide  this  wall  bounce  feature. 

0*  Do  you  find  among  Mr.  Harrison's  notes  any  other 
indication  of  implementation  cf  the  wall  bounce 
feature  than  that  represented  on  23-137? 

A.  I will  start  looking  at  exhibits  with  higher  numbers 

than  that  shown  up  to  now.  I believe  Exhibit  23-139 
may  have  been  an  attempt  toward  this  direction  in 
that  I see  a differentiator  and  an  integrator  and 
a flipflop  which  is  labeled  triggered  from 
coincidence  circuit,  but  I don't  really  see  tbe 
gates  which  would  change  polarity  when  the  wall 
is  hit.  I see  that  this  page  also  has  a pencil 
cress  through  it,  so  it  may  or  may  not  have  been  an 


attempt  in  this  direction.  On  the  next  exhibit* 

23-140,  I do  see  such  gates.  Preceding  them  ^ ° 

what  I believe  to  be  a differentiator  similar 

to  the  capacitor  resistor  differentiator  shown 

at  the  input  of  page  18  of  Exhibit  19. 

V,There  are  the  gates  on  Exhibit  23-40? 

Starting  at  the  left,  they  would  be  the  second  and 

third  transistors,  one  of  which  is  a PNP  transistor, 

the  other  of  which  is  an  NPN  transistor.  The 

emitters  of  both  transistors  are  connected  together 

as  are  their  collectors* 

t * 

And -you  say  preceding  those  is  a differentiator? 

Yes,  pi  1 1 ? - , I c* * t ’ o --n  t ’ . 


MR.  WELSH:  Off  the  record. 

: • ••»  *: v * • . - . It 

(Discing off  the  record.) 

, .•  t.  * *.  1,.  1 L - ■ » 

THE  WITNESS:  To  the  left  of 
Exhibit  23-*140  is  a transistor  with  a feedback 
resistor  going  from  its  collector  to  its  base.  Ther 
is  a capacitor  going  from  the  base  toward  the  left 
side  of  the  page.  This  transistor  with  its  feedback 
and  that  capacitor  constitute  a differentiator. 
Similarly  the  two  right-hand  transistors  of  thaf 


circuit,  or  more  specifically,  the  eecc 
right,  in  conjunction  with  the  one  microfarad 
capacitor  attached  from  its  base  tc  ground  up 
tc  me, at  least, to  perform  the  integration  function 
shown  in  the  boxes  tc  the  right  of  page  18 
Exhibit  19.  I believe,  the  two  transistors  right 
to  the  left  of  that  one  microfarad  capacitor  are 
there  just  to  provide  paths  for  the  positive,  cr 
negative  pulses  which  come  out  of  the  paralleled 
gates.  It  may  or  may  net  be  significant,  but  I 
think  the  little  penciled  notation  at  the  top  cf 

* * m v 

that  exhibit,  delta  Ec  equals  DH1,  DTR  in  my 
handwriting.  I can't  be  sure  at  this  time. 

Similarly  at  an  angle  over  tc  the  right  of  the  page 
I see  the  mathematical  expression  E equals  1 divided 

S.  oii 

by  C times  the  integral  of  IDT.  I think  I recognize 
that  as  my  handwr it ing , although  naturally  I can't 
be  certain,  but  I would  think  I pcssiblv  made  these 


two  comments  while  Bill  Harrison  and  I were  talking 

r—t  . v 

about  trving  to  make  this  circuitry  work';  *"  ' >"/  x 


q.  There  is  also  a pencil  dross  through  that  circuitry 
in  Exhibit  23-140,  is  there  net? 

A,  Correct.  At  least  part  of  this  Exhibit  23-141 

SC  cAjfctJfc. 


“fc  */ishc 


tEF 


. i 


Q< 


A. 


Q. 

A. 


Q. 


A. 

Q. 


A. 


I think,  is  my  writing.  Is  this  gett_r»p'  ~°v'n 
too  much  detail  where  we  need  handwriting  experts. 

No,  I don't  think  we  will  go  into  that. 

I think  like  the  expression  integrator  or-  mt., 
the  upper  part  cf  that  page,  and  the  d/dt  and  gS-te 
and  several  other  items,  even  possibly  the  resistors 
and  the  capacitors  may  have  been  in  my  handwriting. 

This  might  have  been  a scrap  of  paper  I used  in 
talking  with  Bill  about  this,  but  I am  not  sure. 

Does  that  exhibit  also  relate  to  wall  bounce? 

Let  me  see,  I assume  it  did,  but  let  me  check. 

I think  sc.  There  is  a circled  portion  with  d/dt 
next  to  it  which  is  very  similar  to  the  differentiator^ 
we  just  discussed  on  the  previous  exhibit.  Over  at 
the  right  there  is  a transistor  circuit  labeled 
integrator  or  int.  which  looks  more  like  an  integrator 
even  than  the  one  in  Exhibit  23-140. 

I believe  there  is  seme  sketching  on  the  back  of 
23-140  that  you  did  not  refer  to. 

I didn't  see  it.  yjofSP-  *5  / 7 £ 

Does  that  have  any  relation  to  the  ball  bounce 

feature?  f » ( / 

v / V 

slieve  so.  y / 


r. 


\ 


>Y 


Yes,  I be- 


/ ‘ 


f JyiAs  V- 


T— 


* i / i 


* u 


Ccu Id  you  £o  quickly  through  "the  rest  of  the  not 6 - 
I would  like  to  say  on  the  hack  cf  this  psge  -1  ^ 
veu  were  just  talking  about,  on  the  back  of  page  2 3-l‘*  * 
it  locks  to  me  like  I drew  that  rather  sparse 
sketchy  upper  diagram  and  I think  that  the  more 
specif ic  one  shewing  actual  transistors  and  diodes 
was  most  probably  drawn  by  Bill  Harrison,  being 
this  is  in  his  collection  of  paoers.  I didn't  draw 
the  bottom  one,  but  I think  I probably  did  the  top 
one.  Again  I think  it  might  have  been  while  we 
were  discussing  reduction  of  these  concepts  to 
practice.  We  have  done  23-141. 

MR.  WILLIAMS:  Mr.  Welsh, 

I note  that  there  seems  to  be  a lot  of  documents 
left  to  go  and  it  is  after  one  o'clock. 

MR.  WELSH:  All  right',  I guess 
then  we  had  better  stop.  We  will  have  to  determine 
I guess  by  communicating  with  each  other  when  we 
can  resume. 

(Whereupon,  the  deposition  in  the  above-entitled 


matter  was  adjourned  at  1 p.ra.) 


(<U*i  /• 


sniftz  ar-p-g 


Deponent 


